Background: Chemotherapy improves survival for many patients with SCLC, and hence it is important to understand variations in practice and outcomes for this treatment strategy.
The mainstay of treatment for people with small-cell lung cancer (SCLC) is chemotherapy. The results of clinical trials show that treatment with a platinum agent combined with etoposide can result in a median survival of 8-12 months for people with extensive stage disease (Fukuoka et al, 1991; Roth et al, 1992; Sundstrøm et al, 2002) , and up to 27 months for those with limited stage disease, particularly when combined with radiotherapy (Turrisi et al, 1999; Sundstrøm et al, 2002; Takada et al, 2002) . As trials tend to include younger patients with relatively good performance status, the median survival for the full spectrum of patients is likely to be less.
Inequalities in access to surgery for people with lung cancer have been documented (Rich et al, 2011a) , and it is possible that these also exist in treatments for SCLC. It is important to determine whether chemotherapy treatment rates vary by individual patient factors and/or organisational factors and the English National Lung Cancer Audit (NLCA) is a valuable resource in this context.
Data from clinical trials suggest that B75% of patients complete the intended number of chemotherapy cycles (Singh et al, 2005 ), but we do not know the proportion of patients in routine clinical practice for whom this is the case. An understanding of the characteristics of this group of patients could also help clinicians identify people for whom the risks of starting chemotherapy may outweigh the benefits.
We used the English National Lung Cancer Audit (NLCA) to describe the characteristics of patients with SCLC who received chemotherapy and those who went on to complete a full course. We quantified overall survival from diagnosis and following chemotherapy according to the patient characteristics and the number of cycles completed.
MATERIALS AND METHODS
Data sources and study population. We identified cases of histologically confirmed SCLC diagnosed between 1 January 2006 and 31 September 2011 using the English NLCA database (Health and Social Care Information Centre, 2013) ; patients who had undergone surgery were excluded. We used linked data from Hospital Episodes Statistics (HES), which cover all inpatient hospital care, to provide additional information on co-morbidity and chemotherapy treatment, and from the Office for National Statistics (ONS) to provide dates of registered deaths.
Chemotherapy. We assessed first-line chemotherapy treatment by including any chemotherapy given in the first 6 months after a patient's diagnosis. Following an assessment of validity of chemotherapy records in the two databases , people who received chemotherapy were identified using both the NLCA and HES. The NLCA records the date of the first dose of chemotherapy but every time a chemotherapy dose is delivered in a hospital inpatient setting this is captured in HES. For patients with chemotherapy records in HES, we extracted the number of cycles received. We defined a full course of chemotherapy as Xfour cycles based on current UK recommendations (National Institute for Health and Clinical Excellence, 2011. Treatment data entered into the NLCA and HES up to 31 March 2012 were available to us, hence all patients had at least 6 months after their diagnosis where records of chemotherapy could be identified, although some patients died before this.
Covariates. We used our established method to calculate a Charlson co-morbidity index using diagnoses recorded in inpatient HES episodes, which started any time before the date of lung cancer diagnosis (Charlson et al, 1987; Rich et al, 2011b) ; this was analysed in four categories (0, 1, 2-3 and X4). All other covariates were obtained from the NLCA: socio-economic status measured by postcode-derived Townsend index (in quintiles); World Health Organisation performance status (PS); route of referral to the lung cancer specialist (classified as listed in Table 1 ); and stage which was almost always recorded as limited or extensive but for the few cases where the more recent Tumour Node Metastases staging system was used we converted this to limited (T1-4, N0-3, M0) or extensive (M1a/b) as appropriate (Union for International Cancer Control, 2009). We also used NLCA variables to define cases who received chemo-radiotherapy as those who had a record of either radical radiotherapy or chemo-radiotherapy within 6 months of diagnosis.
The NLCA records the trust at which the patient is first seen and the trust of their chemotherapy treatment, which is often but not always the same. We defined chemotherapy trusts as those trusts that administered chemotherapy themselves in X75% of their treated cases (i.e., they did not have to refer their patients to another trust for chemotherapy). We chose 75% as the cutoff after inspecting the distribution of this variable (Supplementary Figure A) but also performed sensitivity analyses using X50% and X90% as cutoffs.
Statistical methods. All analyses were performed using Stata v12 (StataCorp, TX, USA). We calculated the proportion of people who had chemotherapy according to the patient, tumour and trust characteristics defined above and used multivariate logistic regression to estimate the odds of receiving chemotherapy according to the same characteristics. For those who received chemotherapy, we estimated the odds of receiving four or more cycles (representing a completed course of chemotherapy) and also how this was associated with time to treatment and receipt of chemo-radiotherapy. We used a binary variable for time to treatment using above or below the median number of days from diagnosis to first chemotherapy dose.
We plotted Kaplan-Meier survival curves and calculated median survival from the date of diagnosis for people with limited and extensive stage disease, according to the number of cycles of chemotherapy given in the 6 months after diagnosis. If date of diagnosis was missing this was closely approximated using other dates as we have described previously (Khakwani et al, 2013) . To remove the effect of immortal time bias, we also assessed survival from date of finishing chemotherapy treatment. Patients were followed up to death, or they were censored on 31 March 2013, the date of ONS death tracing for this study.
We used Cox regression to estimate survival from the date of diagnosis according to whether or not chemotherapy or chemoradiotherapy were given, route of referral and whether or not the patient was first seen in a chemotherapy trust. Hazard ratios were calculated for each of these adjusting for age, sex, performance status, co-morbidity and stage. We also estimated survival following the end of the last chemotherapy cycle according to the number of cycles given (1-3 or X4), time from diagnosis to treatment and trust first seen. We sought interactions between stage and all other variables in the effect on survival and checked the proportional hazards assumption in our data by inspecting Nelson-Aalen plots.
RESULTS
We identified 15 724 people with histologically confirmed SCLC diagnosed between 1 January 2006 and 30 September 2011. We excluded 289 people who had surgery and 119 with a recorded treatment date before their diagnosis or after death. Trusts in one specific geographical area had an extremely high proportion of patients (65%) with no record of chemotherapy. We believe this to have been a systematic error in data entry and excluded the 225 patients first seen in this group of trusts, leaving 15 091 people (96% of the original SCLC population) for analysis.
The mean age at diagnosis was 68 years (s.d. 9.7 years); 55% had extensive stage disease at presentation (although stage was not recorded in 20% of cases) and more were in the most deprived Townsend quintile than any other (25% in quintile 5) ( Table 1) . Seventy-three percent of patients (n ¼ 11 032) were first seen at one of the 94 chemotherapy trusts; the 53 non-chemotherapy trusts first saw 27% of this population.
Chemotherapy. Seventy percent of patients had a record of chemotherapy; 790 (7%) of these also had a record that was consistent with concurrent or sequential chemo-radiotherapy (Table 1) . Within the 10 582 cases treated with chemotherapy, the median time from diagnosis to initiation of treatment was 18 days (IQR 12-27) and this did not change between 2006 (19 days (13-29)) and 2011 (18 days (11-26) ). For patients who first presented to a chemotherapy trust, the median time to chemotherapy was 18 days (12-27), whereas for those who presented to nonchemotherapy trusts this was 19 days (12-26).
After adjusting for other factors, patients were more likely to have chemotherapy if they were younger, had good performance status, limited stage disease and a low co-morbidity index (Table 1) . People living in more socio-economically deprived areas were less likely to be treated (likelihood ratio test for trend across Townsend quintiles in adjusted analysis P ¼ 0.0002) and compared with those referred by a general practitioner (GP) those referred to secondary care by any other route were less likely to get chemotherapy, even after adjusting for other patient features. (Table 1) . For patients first seen at a chemotherapy trust, the odds of being treated with chemotherapy were increased by 39% compared with patients seen at non-chemotherapy trusts (adjusted OR 1.39 (1.27-1.52) ( Table 1) . This difference persisted when we used X90% (adjusted OR 1.18 (1.08-1.28)) and X50% (adjusted OR 1.43 (1.30-1.58)) as the cutoff values for defining a chemotherapy trust.
Chemotherapy cycles. The proportions of people who received 0, 1-2, 3, 4-5 and X6 cycles of chemotherapy are shown in Table 2 . In 12% of cases, chemotherapy was only recorded in the NLCA records and hence we were not able to assess the number of cycles given. These patients are identified in the tables as 'NLCA only'. Of those with HES chemotherapy data, 63% received a X4-cycle course of chemotherapy.
Increasing age, PS, stage and co-morbidity score, and the GP route of referral were independently associated with increased odds of completing chemotherapy compared with any other referral method, as was a diagnosis to treatment interval of o18 days compared with those who waited longer. People who had chemoradiotherapy were more likely to complete X4 cycles of chemotherapy even after adjusting for patient characteristics as shown in Table 3 . Table 2 . Figure 1 shows survival from the date of diagnosis according to the number of cycles received and stage at presentation. People who received one or two cycles are grouped together, as are those who received four or five cycles because their survival curves were almost identical. Figure 2 shows the same survival analysis but from the end of the last chemotherapy cycle.
The Cox regression analysis from time of diagnosis showed that for people who completed chemotherapy the risk of death was 75% lower than for those who received no chemotherapy (adjusted HR 0.25, 95% CI: 0.24-0.27) ( Table 4) .
Survival did not vary significantly by Townsend quintile or according to whether the patient was first seen at a chemotherapy trust. People diagnosed with SCLC as a result of an emergency admission were more likely to die than people referred by their GP (HR 1.69, 95% CI 1.61-1.78); this association was attenuated but not fully explained by age, sex, PS, stage and co-morbidity index (adjusted HR 1.30, 95% CI 1.23-1.37). Those who waited X18 days between diagnosis and treatment had a lower risk of dying compared with those who waited o18 days (adjusted HR 0.84, 95% CI 0.81-0.88). There was no evidence that stage modified the effect of any of the variables on survival, and there was no evidence to reject our proportional hazards assumption.
The results were very similar when we excluded the effect of immortal time bias by assessing survival in those who had chemotherapy from the end of their last recorded cycle (Supplementary Table A) .
DISCUSSION
We have used current English data to describe which patients with SCLC received chemotherapy treatment and give real-life estimates of survival. We found evidence that a patient's chances of receiving and/or completing chemotherapy treatment was related not only to their fitness but also socio-economic status, the trust at which they were first seen, the time taken from diagnosis to first treatment and their route of referral to a lung cancer specialist.
Strengths and limitations.
The main strengths of this study are the large sample size and the validity of the database (Rich et al, 2011b) . The NLCA estimates 98% case ascertainment since 2009 and completeness of individual data fields improves year on year (NHS Information Centre, 2012). Mortality data from the ONS ensured that our outcome data were both accurate and complete. We enhanced our chemotherapy records by comparing records in HES and the NLCA and found that use of a single data set underestimated the proportion of people who received chemotherapy. Inpatient HES data do not capture the majority of radiotherapy episodes, and therefore we relied solely on the NLCA for radiotherapy data and may have underestimated the number of patients treated.
The main limitations of the study are the lack of detailed trust level data, and the limited number of years available at present. We were not able to draw conclusions as to whether six cycles of treatment are better than four cycles and did not assess second line or ongoing therapy. There is currently no consensus on how patients who relapse, or do not completely respond, after first-line treatment should be managed, although there is some evidence that second-line therapy with the same agents is worthwhile (National Institute for Health and Clinical Excellence, 2011); novel agents are under investigation. The recently introduced systemic anticancer therapy data set (National Cancer Intelligence Network (hosted by Public Health England), 2011), linked with the NLCA will provide more detailed real-life data, which will help us to address these important questions.
Comparison with trial data. Although we recognise that our assessment of chemotherapy within observational populationbased data cannot be used to directly assess effectiveness, comparisons with trial data are valuable.
Number of cycles. There are few studies examining the number of cycles of chemotherapy actually given for SCLC outside of clinical trials. Burgers et al (2002) found no significant difference in the proportion of patients who received four or more cycles of chemotherapy within a trial (49/60) compared with outside of a trial (35/46) in their UK hospital. However, they only included patients who were eligible for one of these two SCLC chemotherapy trials. We chose four cycles to represent a complete course of chemotherapy, but acknowledge that practice differs in this respect. We found median survival to be longer after completion of six or more cycles of chemotherapy compared with four to five cycles, but cannot conclude that six cycles are preferable to four as we do not have data on the fitness of the patients at the point of finishing four cycles or reasons for discontinuing treatment.
Survival. Median survival for 105 people with limited stage SCLC treated with etoposide and carboplatin in a randomised trial by the Norwegian Lung Cancer Study Group was 14.5 months from diagnosis and 8.4 months for 113 people with extensive stage (Sundstrøm et al, 2002) . This is similar for patients in our study (12.9 and 7.3 months) .
In our study, 71% of patients with limited stage who started chemotherapy and 60% of those with extensive stage received four or more cycles. This is lower than in the Norwegian trial where 70% of patients overall received five cycles; patients treated with chemotherapy in that trial were fitter and younger than those in the NLCA (median age 64 vs 67 years).
Clinical relevance
Route of referral. Those who were diagnosed as a result of an emergency hospital attendance were less likely to start chemotherapy, less likely to complete a course and less likely to survive than those referred by a GP, even after adjusting for patient fitness and stage. There is likely to be an element of residual confounding by patient fitness in these estimates, but other studies have also found this group to have poor survival (Elliss-Brookes et al, 2012; McPhail et al, 2013) . Given that almost a fifth of our patients presented by an emergency route (which is similar to or lower than other estimates for lung cancer overall in the United Kingdom (Elliss-Brookes et al, 2012)), this is an extremely important group for UK clinicians to target if overall survival from lung cancer is to improve.
Time to initiation of treatment. The average time from diagnosis to first chemotherapy dose was 18 days with 25% of patients waiting more than 27 days. A period of longer than 18 days was associated with improved survival, and this is likely to reflect the impact of prioritising patients who are unwell with aggressive disease and poor performance status.
Those potentially fitter patients who waited longer than 18 days were less likely to complete four cycles of chemotherapy than those who were treated more quickly. Completing X4 cycles was a strong predictor of better survival; however, the direction of causation is very uncertain and it may well be that non-completion of chemotherapy is due to death, rather than the other way around. Despite this uncertainly we would suggest that earlier treatment for all may improve survival. The 2011 UK guidelines on SCLC recommend that all patients are assessed by an oncologist within a week of deciding to recommend treatment (National Institute for Health and Clinical Excellence, 2011).
Trust features. People first seen at chemotherapy trusts did not survive longer than those seen at non-chemotherapy trusts despite being more likely to receive chemotherapy. Of patients first seen at a non-chemotherapy trust 66.3% had chemotherapy compared with 71.5% of those seen a chemotherapy trust. It is possible that treating an average of 5% more of their patients was not enough to translate into an overall survival benefit for chemotherapy trusts, but also that the additional patients treated were less fit and higher risk in ways that are difficult to measure.
CONCLUSION
These national data reflect the decisions that were made about chemotherapy treatment in clinical practice in England. We have provided real-life measures of survival in those treated with chemotherapy taking into account patient and tumour characteristics and have described which patients were less likely to complete a full course of treatment based on key sociodemographic and clinical features. We were unable to determine whether six cycles of treatment are better than four cycles due to the influence of immortal time bias and a lack of longitudinal data on patient fitness and reasons for stopping treatment.
There is variation in the time from diagnosis to initiation of treatment, and some evidence of inequalities in access to treatment with particularly poor outcomes for those who present via the emergency route. This further supports the need for initiatives that improve early presentation and diagnosis. Our finding that chemotherapy trusts treat a greater proportion of patients but that this does not show a survival benefit requires further work to clarify the reasons, but it may be that better selection of patients for treatment and continuation of treatment is a key.
